Abstract: The antioxidative activities of durum wheat flour and its components on linoleic acid were examined at 50 and 12% relative humidity. The progress of the oxidation was monitored by the pressure change due to the oxygen consumption during the oxidation. The antioxidative capacities were assessed by the length of the induction period for the oxidation. Durum wheat flour and its methanol extract showed antioxidative capacities. Three kinds of gluten, i.e., durum wheat gluten, hard red winter wheat gluten, and hard red spring wheat gluten, also showed antioxidative capacities. On the other hand, wheat starch had no antioxidative capacity. The addition of durum wheat flour, its gluten or its methanol extract to linoleic acid lengthened the induction period depending on the amount of the additive.
INTRODUCTION
The oxidation of food lipids, which are principally triacylglycerols, phospholipids and cholesterol esters 1) , occurs during processing, storage and cooking. Not only does oxidation of food lipids reduce the taste, property and nutrition, but also causes toxicity 2) . Therefore, antioxidants are usually added to foods containing lipids for preventing their oxidation. A lipid autoxidation is a free radical process that proceeds via a chain reaction including induction, propagation and termination steps. Antioxidants interfere with the oxidation process and play a role as a radical scavenger or quencher 3) . They are classified into two groups i.e., synthetic antioxidants, such as butyl hydroxyanisole, and natural ones, such as vitamin E. Synthetic antioxidants are usually stronger than natural ones, but they are more strictly regulated in their use from a safety point of view 4) . Reflecting recent consumer health concerns, more attention has been paid to natural antioxidants of food origin that scavenge active oxygen in the human body 5) . It is important from the viewpoint of food science to reasonably understand the interactions between food components, such as lipids, proteins, and carbohydrates. Lipids are empirically known to be stabilized in dry foods made from wheat flour such as pasta and noodle, indicating that the flour or its components, in addition to the water activity, lipid state in food structure and so on, have an antioxidative capacity. Based on the amount and nature of the gluten, wheat flour is divided into soft and hard flours. Durum wheat flour, made from durum wheat, is classified into hard flour, and mainly used for pasta 6) . Durum wheat flour is bright yellow in color and contains xanthophylls which are yellow pigments from the carotenoid group 7) . Therefore, durum wheat flour and its components are expected to have an antioxidative activity.
Many methods for measuring the antioxidative capacity have been developed 8) . One of them takes advantage of the pressure change due to oxygen consumption through the oxidation of lipids 9) . This method can easily and simply monitor the oxidation process of lipids.
In this study, we examined the antioxidative capacities of durum wheat flour and its components on linoleic acid. The oxidation process was monitored by measuring the pressure change due to the oxygen consumption during the oxidation of linoleic acid. The antioxidative capacities were assessed by the length of the induction period for the oxidation.
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Tokyo, Japan, and used as recieved. The durum wheat flour, durum wheat gluten, hard red spring wheat gluten and hard red winter wheat gluten were supplied by Nisshin Seifun Group, Inc., Tokyo, Japan. The composition of durum wheat flour was 69.6 wt% carbohydrates, 12.8 wt% protein, 2.1 wt% lipids, 0.73 wt% ash, and 14.8 wt% water. Wheat starch and all other chemicals were purchased from Wako Pure Chemical Industries, Osaka, Japan.
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The antioxidative capacities of the following materials were examined; (a) durum wheat flour and its methanol extract, (b) wheat starch, (c) durum wheat gluten and its residue after methanol extraction, where methanol is reported to be an effective solvent for extraction of wheat antioxidants of interest 10) , (d) hard red spring wheat gluten and its residue after methanol extraction, and (e) hard winter spring wheat gluten and its residue after methanol extraction. The durum wheat flour (600 g) was weighed in an amber glass bottle, and 1050 mL of methanol was then added to the bottle. Each gluten (6 g) was also weighed in separate amber vials, and 100 mL of methanol was added to each vial. The methanol extraction was carried out by stirring at 60 for 5 days. The methanol extract was filtered then evaporated to dryness using a rotary vacuum evaporator.
schematically shows the apparatus for monitoring the oxidation process. Linoleic acid (0.2 g (0.71 mmol)) and a given amount of a test material were placed in the amber vial and mixed well with a stainless steel stirring rod. The oxygen consumption due to the oxidation of linoleic acid was monitored using a pressure gauge (Daiichi Keiki Seisakusho, Hyogo, Japan), the scale of which was 1 kPa with the full pressure range of 20 kPa. The bottle initially contained 120 mL of air at room temperature, which corresponded to 1.02 mmol of oxygen. The stoichiometric coefficient of oxygen to linoleic acid during its oxidation is reported to be unity except for the latter stage of the oxidation 11) . Therefore, the amount of oxygen inside the bottle was sufficient for observing the initial oxidation process. The relative humidity was regulated at 12% using a saturated lithium chloride solution. The valve was then closed at room temperature and the bottle was stored at 50 in the dark. The pressure was recorded at appropriate intervals to estimate the length of the induction period.
RESULTS AND DISCUSSION

1
shows the changes in the gauge pressure inside the bottles with and without linoleic acid. The pressure inside the bottle with linoleic acid was almost constant for about 2 h, then steeply declined and leveled off at ca. -7 kPa. This process corresponds to that of the oxygen consumption through oxidation. The standard deviations of the means (n = 3), of which the coefficients of variation were within 6%, in were so small that they were almost behind the symbols. On the other hand, the pressure inside the bottle without linoleic acid was almost constant. From these results, the subsequent experiments were carried out in n = 1. These observations suggested that the oxidation process of linoleic acid could be monitored by measuring the pressure change.
The pressure inside the bottle was normalized as follows:
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J. Oleo Sci. 58, (10) 537-541 (2009) where P is the pressure inside the bottle at any time, P n is the normalized pressure, P is the pressure during prolonged storage, and P 0 is the initial pressure.
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The oxidation processes at 50 were measured for linoleic acid with durum wheat flour at various weight ratios.
shows some of the processes. At 25 g/g of durum wheat flour to linoleic acid, the normalized pressure gradually declined for ca. 100 h, and then steeply dropped. An induction period was estimated from the intersection of the two curves empirically drawn as shown in . The induction period was prolonged with the increase in the amount of the durum wheat flour as will be discussed later. Lengthening of the induction period indicated that the durum wheat flour contained antioxidative substances.
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shows the oxidation processes of linoleic acid with the components of the durum wheat flour. The oxidation processes of linoleic acid with the durum wheat gluten and its methanol extract were similar in pattern to those of linoleic acid with the durum wheat flour. The induction period was longer for the higher weight ratios of the durum wheat gluten or its methanol extract to linoleic acid. On the other hand, wheat starch had no antioxidative capacity.
Durum wheat is rich in xanthophylls that are yellow pigments from carotenoids. Therefore, the methanol extract of durum wheat gluten would also have antioxidative capacity. Gluten is a composite of two proteins, gliadin and glutenin. Gliadin and glutenin contain tyrosine and histidine 12) that have antioxidant activities 13, 14) and are stable even at 120 15) . Meanwhile, the gluten treated with methanol was slightly yellow, indicating that the methanol extraction would be incomplete, and that many components remained in the gluten. Therefore, the antioxidative capacities of durum wheat gluten might be partly ascribed to these components. On the other hand, starch is a polysaccharide consisting of a large number of glucoses
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J. Oleo Sci. 58, (10) 537-541 (2009) residues. Therefore, it might be reasonable for wheat starch to show no antioxidative capacity.
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shows the effect of the amount of the additive on the induction period. When durum wheat flour or durum wheat gluten was added to linoleic acid, the induction period lengthened, reaching an almost constant value with additive above 7.5 g/g. The constant values of the induction period were approximately 93 and 66 h for the durum wheat flour and durum wheat gluten, respectively. Leveling off of the induction period could be explained as follows: when the ratio of the additive to linoleic acid decreased, some antioxidative substances in the additive could migrate into linoleic acid. On the other hand, when the ratio increased, some of the additive could encapsulate the linoleic acid and only a part of the antioxidative substances of the additive could leak into linoleic acid. Another part of the material which did not encapsulate the linoleic acid could not suppress the oxidation of the linoleic acid. As shown in and , the normalized pressures showed a gradual decline during the induction period. This fact could be partly due to slow migration of the antioxidative substances into the linoleic acid, and partly due to a gradual decline in the pressure inside the bottle without linoleic acid as shown in . The methanol extract from the durum wheat flour showed a much stronger antioxidative capacity than the durum wheat flour itself. The curve for the methanol extract from the durum wheat flour was almost parallel to that for the durum wheat flour. These facts suggested that the antioxidative substances in the durum wheat flour could be extracted by methanol, and that 20 mg of the methanol extract exhibited the same antioxidative capacity as 1 g of the durum wheat flour. In this study, 5.1 g of the methanol extract was obtained from 600 g of the durum wheat flour, which corresponds to 8.5 mg of methanol extract per 1 g of durum wheat flour. This result suggested that the antioxidative substances in the extract had the antioxidative capacity of approximately 43% compared with those contained in the flour. glutens were significantly longer than those for the residues. This fact suggested that the gluten has antioxidative properties. The induction period for the durum wheat gluten was the longest of all the tested glutens. This fact might be ascribed to the higher amount of xanthophylls in the durum wheat gluten than in the other glutens. Wheat is roughly divided into spring wheat and winter wheat, and durum wheat is a kind of spring wheat. The induction period for the residue of the hard red winter wheat gluten was longer than those for the residues of the two kinds of spring wheat glutens. On the other hand, the induction periods for the two kinds of spring wheat gluten residues were almost the same.
CONCLUSIONS
The oxidation processes of linoleic acid in the presence of wheat flour and its components were observed using a pressure gauge. Durum wheat and its methanol extract lengthened the induction period for the oxidation of linoleic acid, indicating that they had antioxidative activities. Three kinds of glutens from durum wheat, hard red winter wheat, and hard red spring wheat also showed similar antioxidative activities. The induction period of each gluten was markedly longer than that of the residue after methanol extraction. Wheat starch did not show any antioxidative activity.
